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huM CMms; 

Please cancel claims 2-4, 7-8, 62, 65-66, 74, 76, and 78-79. Please amend claims 1 , 5-6, 
12, 18,20, 22, 25, 28-29, 31-32, 34-37, 41 -42, 47, 50, 57, 63, and 69-70. Please add new claims 
80-91. 

1. (Currently amended) A solder composition, comprising a solder alloy, 
wherein the alloy is substantially free of lead, 

vvlicrcin the alloy includes tin (Sn), silver (Ag), and copper (Cu), and bisiBHlhiBO- 
wherein the tin has a weight percent concentration in the alloy oTat least about 90%, 
wherein the silver has a weight percent concentration of X in the alloy, 
wherein X is sufficiently small that formation of Ag 3 Sn plates is substantially suppressed 

when the alloy in a liquefied state is being solidified by being cooled at to a lower temperature at 

which the solid Sn phase is nucleated, 

wherein the lower temperature corresponds to an undercooling 6T relative to the cutcctic 

melting temperature of the alloy, mtd 

wherein the copper has a weight percent concentration in the alloy not exceeding about 

1.5%jmri 

whe rein the bismuth has a wcip.ht percent concentration in the alloy from 0.1% to about 

0.2% . 

2-4. (Canceled) 
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5. (Currently amended) The composition of claim 1, wherein the c o ppci weight p e rce n t 
eon c e nl t T<?irrn-the -lique fied alloy is s ufficiently small that the -p asty range of the l iquefied trHoy 
docs notrexce ed abou HQ Q G the weight percen t concentration or the t in in the alloy is in a range 
of 90 % to 95% . 

C. (Currently amended) The composition of claim 1, wherein the copper weight percent 
concentration in the liquefied alloy does not exceed about 0.9%. 

7-8. (Canceled) 

9. (Original) The composition of claim 1, wherein X docs not exceed about 2.8%. 

1 0. (Original) The composition of claim 1, wherein X is in a range of about 2.6% to about 2.8%. 

11. (Original) A method for forming an electrical structure, comprising: 

providing a first substrate and a first solder ball attached to a first electrically conductive 
pad that is coupled to the first substrate, wherein the first solder ball comprises a solder alloy, 
wherein the alloy is substantially fi'cc of lead, wherein the alloy includes tin (Sn), silver (Ag), and 
copper (Cu) s wherein the tin has a weight percent concentration in the alloy of at least about 
90%, and wherein the copper has a weight percent concentration in the alloy not exceeding about 
1.5%; 

providing a second substrate and a second electrically conductive pad coupled to 
10/078,020 3 
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the second substrate; 

coupling the first solder ball to the second pad; 

melting the first solder ball by heating the first solder ball to form a modified solder ball; 

and 

solidifying the modi ficd solder ball by cooling the modified solder ball to a lower 
temperature at which the solid Sn phase is nucleated, and wherein the lower temperature 
corresponds to an undercooling 6T relative lo the eutectic melting temperature of the alloy, 
wherein Ihc solidified modified solder ball is a solder joint that couples the first substrate to the 
second substrate, and wherein a silver weight percent concentration X 2 in the modified solder 
ball is sufficiently small that formation of Ag 3 Sn plates is substantially suppressed daring said 
cooling. 

12. (Currently amended) The method of claim 1 1, wherein pro viding the first subst r ate and the 

firslr^oldcr ba ll strch-thtrt^^-^sii ffierenHy^ffiftH-t hat sa i d formation of the Ag 3 Sn plates k 
sub a tantiatly suppressed-d urm^saitreooHttg the alloy further i ncludes antimony at a weight 
percent sufficient to suppress t in p est fo rmat ion in the solidified modified solder hall , 

1 3. (Original) The method of claim 11, wherein X 2 docs not exceed X MAX> wherein X MAX is the 
maximum silver weight percent concentration in the modified solder ball at which Ag 3 Sn plates 
arc thcrmodyiiamically barred from being formed in the modified solder ball during said cooling. 

10/078,020 4 
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14. (Original) The method of claim 13, further comprising determining X MaX as a function of 6T 
from n ternary phase diagram and associated thermodynamic data relating to a ternary mixture of 
Sn, Ag, andCu. 

15. (Original) The method of claim 1 1, wherein the first substrate comprises a chip carrier, and 
wherein the second substrate comprises a circuit card. 

1 6. (Original) The method o T claim 1 5, wherein the first solder ball is a ball grid array (BGA) 
solder ball. 

17. (Original) Tho method of claim 11, wherein the first substrate comprises a chip, and wherein 
the second substrate comprises a chip carrier. 



18. (Currently amended) The method of claim 1 1 , wherein ^4fl4ft^en ge of about 2 .6% to 

;Tbotrtr-2r8% sajdcoolin g tho modified solder ball is at a cpo l ir\g rate in a ranpe of about 1 ,2 
° C/scc to about 3.0 °C/sec . 

19. (Original) The method of claim 1 1, wherein X 2 docs not exceed about 2.8%. 

20. (Currently amended) The method of claim *i- .18, wherein t he coppe r w e ight percent 
concen tnrtt on fat the mod i fied w ldta4?aHnfimng cooling is sufficiently small that the pasty-range 
o^thxr^Tt^ified-solcler bnU-dtrri ng co o ling d o es not fcxcccd -abopHrfPe wherein X 2 docs not 

10/078,020 5 
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exceed about 2.8%. 

21 . (Original) The method of claim 1 1 , wherein tlie copper weight percent concentration in the 
modi (led solder ball does not exceed about 0.9%, 

22. (Currently amended) The method of claim 11, wherein the se cond pad is a coppe r-pad weight 
per cent concentratio n o f the tin in the alloy is in a range of 90% jtpJ35%, 

23. (Original) The method ofclaim 11, wherein the second pad is a copper pad, and wherein the 
copper weight percent concentration in the first solder ball does not exceed about 0.5%. 

24. (Original) The method of claim 11, wherein the second pad is a nickel-gold pad. 

25. (Currently amended) The method ofclaim 11, wherein the alloy further includes a-substance 
thnt-snppiw^ bismuth, and wherein the bismuth has a weight 
percent concentration in the allo y from 0.1 % to about 0.2% , 

26. (Original) The method ofclaim 1 1, wherein coupling the first solder ball to the second pad 
comprises applying a flux to the second pad and placing the first solder ball in contact with the 
flux. 

27. (Original) The method ofclaim 11, 
10/078,020 6 
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wherein coupling the firsl solder ball to the second pad comprises applying a solder paste 
to the second pad and placing the first solder ball in contact with the solder paste, and 

wherein melting the first solder ball comprises melting the first solder ball and the solder 
paste by heating the first solder ball and the solder paste, such that the melted solder paste is 
incorporated into the melted first solder ball to form the modified solder ball, and such that the 
modified solder ball includes the solder paste within the first solder ball. 

28. (Currently amended) The method of claim 27, wherein the solder paste includes a weight 
percent silver X> tliat exceeds the silver weight percent concentration X! in the alloy of the first 
solder ball, and wherein [[X 2 ]] X r - X, is at least 0.2%. 

29, (Currently amended) A method for forming a solder composition, comprising: 

providing a solder alloy, wherein the alloy is substantially free of lead, wherein the alloy 
includes tin (Sn), silver (Ag), and copper (Cu), wherein the tin has a weight percent 
concentration in the alloy of at least about 90%, wherein the silver has a weight percent 
concentration in the alloy not exceeding about 4*0%, and wherein the copper has a weight 
percent concentration in the alloy not exceeding about 1 .5%; 

melting the alloy by heating the alloy; and 

solidifying the melted alloy by cooling the melted alloy at a cooling rate thaHs-htgh 
enou gh t o su b stantially suppress A foStii>tote»fofflfitt^^ in a range 

of about 1,2 p C/se c to about 3,0 °C/scc » 

10/078,020 7 
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30. (Original) The method of claim 29, further comprising, prior to said solidifying, selecting the 
cooling rale that is high enough to substantially suppress said Ag^Sn plate formation in the alloy. 

31 . (Currently amended) The method of claim 29, wherein the c o oling rat e is at I c j&I about 1 .2 
*efcec weight percent co ncen tration of the silver m the alloy does not excee d about 2.8%. 

32. (Currently amended) The method of claim 29, wherein the eoppervrcighfrperccnt 
coricentntliCT-nr-thcnnc li e J Alloy is suffic i ently small that the pasty ra n ge of thcmclte d-afrtoy 
tioes-nohexeeed-abouHO^e- weight percent concentration of the tin in the alloy is in a range of 
90% to 95% 

33. (Original) The method of claim 29, wherein the copper weight percent concentration in the 
melted alloy docs not exceed about 0,9%. 

34. (Currently amended) The method of claim 29, wherein the alloy further includes a substance 
th:tt .antimon y at a weight percent sufficient to suppress[[es]] tin pest formation in the solidified 
alloy. 

35. (Currently amended) The method of claim 34 29, wherein the substanc e alloy further 
comprises bismuth, and wherein the bismuth has a weight percent concentration of at least 0T% 
in the alloy from 0, 1 % to about 0.2% . 

10/078,020 8 
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36, (Currently amended) A method for forming an electrical structure, comprising: 

providing a first substrate and a first solder ball attached to a first electrically conductive 
pad that is coupled to the first substrate, wherein the first solder ball comprises a solder alloy, 
wherein the alloy is substantially free of lead, wherein the alloy includes tin (Sn), silver (Ag), and 
copper (Cu), wherein the tin has a weight percent concentration in the alloy of at least about 
90%, wherein the silver has a weight percent concentration in the alloy not exceeding about 
4.0%, and wherein the copper has a weight percent concentration in the alloy not exceeding 
about 1.5%; 

providing a second substrate and a second electrically conductive pad coupled to 
the second substrate; 

coupling the first solder ball to the second pad; 

melting the first solder ball by heating the first solder ball to form a modified solder ball; 

and 

solidifying the modified solder ball by cooling the modified solder ball at a cooling rate 
tlKrt-b-hrgh-cnot igli to aubsta ntiatty-rappn^ solder ball 

du ring-satd-coo l i ng, whe r e i n the s o l i dified m o dified s o lde r ba t iis a s o ld e r joint that c o uples tire 
first' s tibstral e to~therse cu nd s ubs trate in a range of about 1 ,2,°C/soc to about 3.0 °C/scc » 

37, (Currently amended) The method of claim 36, further comp r ising, p ri o r t o sa i d s o l i d if yi n g, 
^Ic^tiinrtfre-cooltttg^ enough t o subs t antially supp r ess said A&Sn plato formation 
irrihenTTodrfTcd- suldci ba ft wherei n the allo y, further comprises bismuth at a wcidu percent 

co ncenl ration in t he alloy from 0.1% to about 0.2 , 

lD/078^20 9 
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38. (Original) The method of claim 36, wherein the first substrate comprises a chip carrier, and 
wherein the second substrate comprises a circuit card. 

39. (Original) The method of claim 38, wherein the first solder ball is a ball grid array (BGA) 
solder ball. 

40. (Original) The method of claim 36, wherein the first substrate comprises a chip, and wherein 
the second substrate comprises a chip carrier. 

41 . (Currently amended) The method ofclaim 36, wherein the cool i ng r ate is at lea s t about 1 2 
D <3/see weiuht percent concentration of the silver in Ihe alloy does not exceed about 2.8% . 

42. (Currently amended) The method ofclaim 36, wherein the c o p p er -wei ght per cent 
concentfiition-in-thc •alloy -is sufficiently smaVt thftH he pasty Jflngc of the alloy duos not e xcee d 
abouHO °€3 weight percent concentration of the tin in the allnv is in a range of 90% to 95% , 

43. (Original) The method of claim 36, wherein the copper weight percent concentration in the 
alloy does not exceed about 0.9%. 

44. (Original) The method ofclaim 36, wherein the second pad is a copper pad. 

45. (Original) The method ofclaim 36, wherein the second pad is a copper pad, and wherein the 
10/078,020 10 
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copper weight percent concentration in the first solder ball does not exceed about 0.5%. 

46. (Original) The method of claim 36, wherein the second pad is a nickel-gold pad. 

47. (Currently amended) The method of claim 36, wherein the alloy further includes a-stib slancc 
that a ntimony at a weight iicrco j)t.sii fllctcnt to suppresses]] tin pest formation in the attoy 

48. (Original) The method of claim 36, wherein coupling the first solder ball to the second pad 
comprises applying a flux to the second pad and placing the firsl solder ball in contact with the 
flux, 

49. (Original) The method of claim 36, 

wherein coupling the first solder ball to the second pad comprises applying a solder paste 
to the second pad and placing the first solder ball in contact with the solder paste, and 

wherein melting the first solder ball comprises melting the first solder ball and the solder 
paste by healing the firsl solder ball and the solder paste, such that the melted solder paste is 
incorporated into the melted first solder ball to form the modified solder ball, and such that the 
modi Red solder ball includes the solder paste within the first solder ball. 

50. (Currently amended) A prc-soldering electrical structure, comprising: 

a first substrate and a first solder ball attached to a first electrically conductive pad that is 

] 0/078,020 1 1 
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coupled to the first substrate, wherein the first solder ball comprises a solder alloy, wherein the 
alloy is substantially free of lead, wherein the alloy includes tin (Sn), silver (Ag), and-copper 
(Cu), and bismuth ( Bj) A wherein the tin has a weight percent concentration in the alloy of at least 
about 90%, :md wherein the copper has a weight percent concentration in the alloy not exceeding 
about 1 .5% . and wherein the bismu th lias a weight percent concentration in the alloy from 0. 1% 
to abo ut 0.2% : 

a second substrate and a second electrically conductive pad coupled to the second 
substrate, wherein the first solder ball is coupled to the second pad, wherein the first solder ball is 
adapted to being melted by being heated to form a modified solder ball, wherein the modi fied 
solder ball is adapted to being solidified by being cooled to a lower temperature at which the 
solid Sn phase is nucleated, wherein the lower temperature corresponds to an undercooling 6T 
relative to the eutectic melting temperature of the alloy, wherein the solidified modified solder 
ball is a solder joint that couples the first substrate to the second substrate, and wherein a silver 
weight percent concentration X 2 in the modified solder ball is sufficiently small that formation of 
Ag 3 Sn plates arc substantially suppressed during said cooling. 

5 1 . (Original) The electrical structure of claim 50, wherein the alloy of the first solder ball has a 
silver weight percent concentration X t , and wherein X, has a predetermined value based on X 2 
being sufficiently small that formation of said Ag 3 Sn plates is substantially suppressed during 
cooling of said modi fied solder ball 

52, (Original) The electrical structure of claim 50, wherein Xj does not exceed X MAX , wherein 
10/078,020 12 
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x max is the maximum silver weight percent concentration in the modified solder ball at which 
AgjSn plntcs are thermodynamically barred from being formed in the modified solder ball during 
said cooling, 

53. (Original) The electrical structure of claim 52, wherein X MAX is a function of 6T, said 
function being derived from a ternary phase diagram and associated thermodynamic data relating 
lo a ternary mixture of Sn, Ag, and Cu. 

54. (Original) The electrical structure of claim 50, wherein the first substrate comprises a chip 
carrier, and wherein the second substrate comprises a circuit card. 

55. (Original) The electrical structure of claim 54, wherein the first solder ball is a ball grid array 
(BOA) solder ball. 

56. (Original) The electrical structure of claim 50, wherein the first substrate comprises a chip, 
and wherein the second substrate comprises a chip carrier. 

57. (Currently amended) The electrical structure of claim 50, whcrcin-X g is in a range of ab mtt 
&6%- to i i bout 2.8 % the weight percent concentration of the tin in the alloy is in a range of 90% 
to 05% . 

58. (Original) The electrical structure of claim 50, wherein X 2 docs not exceed about 2,8%, 
10/078,020 13 
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59. (Original) The electrical structure of claim 50, wherein the solder paste includes a weight 
percent silver X,, that exceeds X„ wherein X, is the weight percent silver in the first solder ball, 
and wherein X 2 - X, is at least 0.2%. 

60. (Original) The electrical structure orclaim 50, wherein the copper weight percent 
concentration in the modified solder ball during cooling is sufficiently small that the pasty range 
of the modified solder ball during cooling does not exceed about 1 0 °C. 

61. (Original) The electrical structure of claim 50, wherein the copper weight percent 
concentration in the modified solder ball does not exceed about 0.9%. 

62. (Canceled) 

63. (Currently amended) The electrical structure of claim 62 50, wherein the second pad is a 
copper pad, and wherein the copper weight percent concentration in the first solder ball docs not 
exceed about 0.5%. 

N 64. (Original) The electrical structure of claim 50, wherein the second pad is a nickel-gold pad. 
65-66. (Canceled) 

67. (Original) The electrical structure of claim 50, wherein the first solder ball is coupled to the 
10/078,020 14 
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second pad by a flux that is applied to the second pad such that Ihc first solder ball in contact 
with Ihc flux, 

6S. (Original) The electrical structure of claim 50, 

wherein the first solder ball is coupled to the second pad by a solder paste that is applied 
to the second pad such that the first solder ball in contact with the solder paste; and 

wherein the first solder ball is adapted to being melted by heating the first solder ball and 
the solder paste, snch that the melted solder paste is incorporated into the melted first solder ball 
to form the modified solder ball, and such that the modified solder ball includes the solder paste 
within tho first solder ball 

69. (Currently amended) A pOsSt-soldcring electrical structure comprising: 
a first substrate; and 

a second substrate, wherein the first substrate is coupled to the second substrate by a 
solder joint, wherein the solder joint comprises an alloy, wherein the alloy is substantially free of 
lead, wherein the alloy includes tin (Sn), silver (Ag), tmtf-copper (Cu), and bismuth ( Bi\ wherein 
the tin has a weight percent concentration in the alloy of at least about 90%, wherein the silver 
h» a weight percent concentration in the alloy orX 2J wherein X 2 is sufficiently small that Ag 3 Sn 
plates arc substantially absent in the solder joint, and wherein the copper has a weight percent 
concentration in the alloy not exceeding about 1 .5% , and wherein the bismuth has a weight 
perce nt concentration in Ihe alloy from 0.1% to about 0.2% . 

10/078,020 15 
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70. (Currently amended) The electrical structure of claim 69, wherein tht^ldet^emtrcformed 
ftom-a-firsbso lder ball hav in g a t ttt-^tlvcr*copp c r co mposition in which the silver has a we i ght 
percent concCTtrnriorr^ t rwhefdn^ t -hi U S a predetermined value based on X t being sufficiently 
smalHhHtgafrhfrs^^ in the solder joint the weight percent 

concentration of the tin in the alloy is in a range of 90% to 95% . 

71 , (Original) The electrical structure ofclaim 69, wherein the first substrate comprises a chip 
carrier, and wherein the second substrate comprises a circuit card. 

72. (Original) The electrical structure of claim 71 wherein the solder joint includes a ball grid 
array (DGA) solder ball. 

73, (Original) The electrical structure ofclaim 69, wherein the first substrate comprises a chip, 
and wherein the second substrate comprises a chip carrier. 

74. (Canceled) 

75, (Original) The electrical structure of claim 69, wherein X 2 does not exceed about 2.8%. 

76. (Canceled) 

77, (Original) The electrical structure ofclaim 69, wherein the copper weight percent 
10/078,020 16 
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concentration in the solder joint docs not exceed about 0.9%. 
78-79, (Canceled) 

80. (New) A solder composition, comprising a solder alloy, 

wherein the alloy is substantially free of lead, 

wherein the alloy includes tin (Sn), silver (Ag)> ar\d copper (Cu); 

wherein the tin has a weight percent concentration in the alloy in a range of 90% to 95%, 
wherein the silver has a weight percent concentration in the alloy not exceeding about 

2.8%, 

wherein the lower temperature corresponds to an undercooling 6T relative to the cutcctic 
melting temperature of the alloy, and 

wherein the copper has a weight percent concentration in the alloy not exceeding about 

1.5%. 

8 1 . (New) The solder composition of claim 80, wherein the alloy further includes bismuth at a 
weight percent concentration in die alloy from 0.1% to about 0.2%. 

82. (New) The solder composition of claim 80, wherein the alloy further includes antimony at a 
weight percent sufficient to suppress tin pest formation in the alloy during a subsequent cooling 
of the alloy. 

10/078,020 17 
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83. (New) The composition of claim l T wherein the copper weight percent concentration in the 
alloy docs not exceed about 0.9%. 

84. (New) A method for forming a solder composition, comprising: 

providing a solder alloy, wherein the alloy is substantially free of lead, wherein the alloy 
includes tin (Sn), silver (Ag), and copper (Cu), wherein the tin has a weight percent 
concentration in the alloy in a range of 90% to 95%, wherein the silver has a weight percent 
concentration m the alloy not exceeding about 4.0%, and wherein the copper has a weight 
percent concentration in the alloy not exceeding about 1,5%; 

melting the alloy by heating the alloy; and 

solidifying the melted alloy by cooling the melted alloy at a cooling rate that is high 
enough to substantially suppress Ag 3 Sn plate formation in the alloy during said cooling. 

85. (New) The method of claim 84, wherein the cooling rate is at least 1.2 °C7scc. 

86. (New) The method of claim 84, wherein the cooling rate is in a range of about t .2 °C/sec to 
about 3,0 °C/scc.85. 

87. (New) The method of claim 84, wherein the weight percent concentration of silver in the 
alloy docs not exceed about 2.8%. 

88. (New) A method for forming a solder composition, comprising: 
10/078,020 18 
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providing a solder alloy, wherein the alloy is substantially free of lead, wherein the alloy 
includes tin (Sit), silver (Ag), and copper (Cu), wherein the tin has a weight percent 
concentration in the alloy in a range of 90% to 95%, wherein the silver has a weight percent 
concentration in the alloy not exceeding about 2.8%, and wherein the copper has a weight 
percent concentration in the alloy not exceeding about 1.5%; 

melting the alloy by heating the alloy, and 

solidifying the melted alloy by cooling the melted alloy at a cooling rate. 

89. (New) The method of claim 88, wherein the cooling rate is at least 1.2 °C/sec. 

90. (New) The method of claim 88, wherein the cooling rate is in a range of about 1 .2 °C/scc to 
about 3.0 °C/sec. 

9 1 . (New) The method of claim 88, wherein the alloy further includes bismuth at a weight 
percent concentration in the alloy from 0.1% to about 0.2%. 
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